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echanical Dyssynchrony Assessed by
issue Doppler Imaging Is a Powerful
redictor of Mortality in Congestive
eart Failure With Normal QRS Duration
oo-Yeong Cho, MD,* Jae-Kwan Song, MD, FACC,† Woo-Jung Park, MD,* Sung-Woo Han, MD,*
eung-Hyuk Choi, MD,* Young-Cheoul Doo, MD,* Dong-Jin Oh, MD,* Yung Lee, MD*
eoul, Korea
OBJECTIVES We sought to test whether the mechanical dyssynchrony assessed by tissue Doppler imaging
(TDI) is a predictor of cardiac events in patients with congestive heart failure (CHF) and
QRS duration 120 ms.
BACKGROUND The prevalence and prognostic value of mechanical dyssynchrony in patients with CHF and
normal QRS duration have not been well clarified.
METHODS A total of 106 patients (age 63  11 years) with CHF and ejection fraction (EF) 35% were
followed serially; TDI was performed using four basal and four mid-left ventricular segments
to assess the time to peak systolic point from R-wave on electrocardiogram (Ts). The standard
deviation of Ts (Ts-SD) and the maximal temporal difference of Ts (Ts-diff) of eight
segments were used as an indicator of mechanical dyssynchrony. Clinical events included
readmission due to worsening of CHF, cardiac transplantation, and death.
RESULTS After 17  11 months of follow-up, the clinical event rate was 33% including all-cause
mortality of 19%. Prolonged Ts-SD (37 ms) and Ts-diff (91 ms) were associated with a
significant increase in all clinical events. By multivariate analysis, Ts-diff (91 ms) was an
independent risk factor of clinical events and mortality regardless of age, EF, QRS duration,
and use of beta-blocking agents. Mean event-free survival was 16.3 months (95% confidence
interval [CI] 11.9 to 20.7) in patients with Ts-diff 91 ms and 31.6 months (95% CI 28.0
to 35.1) in those with Ts-diff 91 ms, respectively (p  0.001).
CONCLUSIONS Myocardial dyssynchrony assessed by TDI is a powerful predictor of clinical events in CHF
with normal QRS. (J Am Coll Cardiol 2005;46:2237–43) © 2005 by the American College
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.11.074of Cardiology Foundation
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vcommon finding in ischemic or non-ischemic cardiomy-
pathy is abnormal electrical activation, which may delay
he timing of ventricular contraction and generate electro-
echanical abnormality, mainly affecting left ventricular
LV) synchrony and the ventricular contraction and relax-
tion sequence (1–4). Electrical ventricular dyssynchrony is
anifested in electrocardiography (ECG) as a prolongation
f the QRS duration and may cause discoordinate contrac-
ion of the ventricle (5). Many studies have shown that such
lectrical conduction delay is associated with diminished
ardiac function (6) and is an important prognostic risk
actor for morbidity and mortality in patients with conges-
ive heart failure (CHF) (7,8). However, the QRS duration
s an indirect correlate but not direct reflection of mechan-
cal dyssynchrony, which is the real substrate that causes a
ecline in chamber function (5).
Recent studies showed that LV mechanical dyssynchrony
s a predictor of severe cardiac events in patients with CHF
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Manuscript received August 9, 2004; revised manuscript received October 25,
004, accepted November 1, 2004.ndependently from the QRS duration (9,10). However,
hether mechanical dyssynchrony is an independent prog-
ostic factor in CHF without prolongation of QRS dura-
ion has not been previously fully described. The aim of this
tudy was to address if echocardiographic systolic and
iastolic dyssynchrony measured by tissue Doppler imaging
TDI) is an independent prognostic factor in CHF with
ormal QRS duration (120 ms) regardless of age, etiology
f CHF, baseline ejection fraction (EF), or other
arameters.
ETHODS
atient characteristics. Between June 2000 and March
003, 106 consecutive patients who met the following
riteria were prospectively enrolled: 1) dyspnea on exertion
New York Heart Association function class II) for at
east three months; 2) bilateral pulmonary congestion on
dmission; and 3) LV EF 35% and QRS duration 120
s at the time of discharge. Exclusion criteria included age
80 years, atrial fibrillation, significant structural valvular
isease, cardiac or cerebral ischemic event within the pre-
ious three months, and coexisting malignant disease. Pa-
ients with coronary revascularization during the study
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Prognostic Value of Mechanical Dyssynchrony December 20 2005:2237–43eriod were also excluded. All patients were treated with
eta-receptor blockers, angiotensin-converting enzyme
ACE) inhibitors or angiotensin receptor blockers, and
iuretics at the time of discharge. The dose of a beta-
locker was gradually increased to maximal tolerable dose,
nd a special emphasis was paid to long-term compliance.
he patients or their families were contacted via outpatient
linic at an interval of one month after discharge.
The ischemic etiology of heart failure was defined as one
f following criteria: 1) significant epicardial coronary artery
tenosis (50%); 2) perfusion defect on radionuclide imag-
ng; or 3) history of coronary revascularization. In case of
eath, the reasons for death were verified from hospital
ecords or a death certificate from the primary physicians.
linical events included hospitalization due to worsening of
eart failure or serious ventricular arrhythmia, heart trans-
lantation, and all-cause mortality. Standard surface 12-lead
CGs were recorded at a paper speed of 50 mm/s. The
RS duration was measured with a caliper, and the longest
RS duration was obtained.
chocardiography. Standard echocardiography with
oppler studies was performed using a commercially avail-
ble system (Vivid 5, Vingmed-General Electric, Holten,
orway). Left ventricular dimensions were measured using
-mode echocardiography according to the guidelines of
he American Society of Echocardiography. Global LV
unction was assessed from apical views by measuring LV
nd-diastolic volume, LV end-systolic volume, and LV EF,
sing the modified biplane Simpson rule. Mitral regurgita-
ion was graded mild (regurgitation jet area 4 cm2),
oderate, or severe (regurgitation jet area 8 cm2 and
egurgitation volume 60 ml).
For TDI, color Doppler frame rates varied between 99
nd 130 frames/s depending on the sector width of the
ange of interest and aliasing velocities between 16 and 32
m/s. At least three consecutive beats were stored digitally.
he digital cine loops were analyzed using commercially
vailable software (Echopac 6.3.6, General Electric-
ingmed) by off-line analysis. Myocardial regional velocity
Abbreviations and Acronyms
ACE  angiotensin-converting enzyme
CHF  congestive heart failure
CRT  cardiac resynchronization therapy
ECG  electrocardiography/electrocardiogram
EF  ejection fraction
LV  left ventricle/ventricular
ROC  receiver-operating characteristic
TDI  tissue Doppler imaging
Te  time to early peak diastolic velocity from
R-wave on electrocardiogram
Ts  time to peak systolic point from R-wave on
electrocardiogram
Ts-diff  maximal temporal difference of Ts
Ts-SD  standard deviation of Tsurves were constructed from the digitally stored images.
t
dor a detailed assessment of the regional myocardial veloc-
ty, the sampling volume was placed at the following
egments: LV septal, anterior, lateral, and inferior segments
t both basal and middle levels utilizing apical four- and
wo-chamber views. For measurement of time intervals, the
-wave of the QRS complex was used as the reference
oint, from which the time to peak myocardial sustained
ystolic velocities (Ts) during ejection phase and early peak
iastolic velocities (Te) were measured and expressed in
illiseconds. For the assessment of systolic dyssynchrony,
he standard deviation of Ts (Ts-SD) and the maximal
emporal difference of Ts (Ts-diff) of all eight segments
ere calculated. For diastolic dyssynchrony, Te-SD and
e-diff were also calculated. Intraobserver agreement was
alculated by repeated measurement of the same recording
n 10 patients with an interval of one month. The correla-
ion coefficients for Ts-SD, Ts-diff, Te-SD, and Te-diff
ere 0.95, 0.95, 0.96, and 0.97, respectively.
tatistical analysis. The data were analyzed using the
PSS software (version 11.5, SPSS Inc., Chicago, Illinois).
ummary data are expressed as mean values  SD or
ercentage of patients. Comparisons of the baseline char-
able 1. Clinical and Echocardiographic Characteristics
etween Two Groups
Clinical Events
No
(n  71)
Yes
(n  35) p Value
linical variables
Age (yrs) 61  12 68  10 0.006
Female gender (%) 31 29 NS
Ischemic origin (%) 54 77 0.02
QRS duration (ms) 95  12 103  12 0.003
NYHA functional class 3.7  0.5 3.8  0.3 NS
Mean follow-up duration
(months)
17.7  10.6 13.9  10.9 NS
Medication (%)*
ACEI or ARB 97 88 NS
Diuretics 85 92 NS
Beta-blocker 87 71 0.04
Dose of carvedilol (mg) 32  14 25  11 NS
chocardiographic variables
RWT (mm) 11.4  2.1 11.0  1.8 NS
LVID diastole (mm) 60.4  6.2 59.0  7.3 NS
LV ejection fraction (%) 28  6 27  6 NS
E/A ratio 1.8  1.4 1.7  1.0 NS
E-deceleration time (ms) 182.8  57.5 166.0  70.7 NS
E/Em 20.2  6.8 26.9  11.3 NS
MR grade 1.7  1.1 1.9  1.1 NS
Ts-SD (ms) 29.9  16.8 47.8  23.1 0.001
Ts-diff (ms) 74.6  42.4 124.4  64.3 0.001
Te-SD (ms) 33.4  18.8 37.4  22.8 NS
Te-diff (ms) 76.2  40.8 71.1  57.7 NS
Percentage at the time of last follow-up period.
ACEI  angiotensin-converting enzyme inhibitor; ARB  angiotensin receptor
locker; E/Em  the ratio of early diastolic transmitral flow and early diastolic tissue
elocity of mitral annulus; LV  left ventricular; LVID  left ventricle internal
imension; MR  mitral regurgitation (1: mild, 2: moderate, 3: severe); NYHA 
ew York Heart Association; RWT  relative wall thickness ([septum  posterior
all]/2); Te  time interval from R-wave to peak early diastolic tissue velocity; Ts ime interval from R-wave to peak systolic tissue velocity; Ts-diffmaximal temporal
ifference of Ts.
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December 20 2005:2237–43 Prognostic Value of Mechanical Dyssynchronycteristics between the groups were performed with
ndependent-sample t test and with the chi-square test for
ategorical variables. The percentage of patients with clin-
cal events by level of mechanical dyssynchrony was assessed
y the Pearson chi-square test. The optimal Ts-SD and
s-diff cutoff values for predicting of primary end points
ere determined by the receiver-operating characteristic
ROC) curve. Cumulative survival curves for clinical events
r all-cause mortality were constructed according to the
aplan-Meier analysis, and the differences between the
urves were tested by log-rank statistics. Hazard ratios and
5% confidence intervals were calculated for each categori-
al variable using cutoff values in the Cox regression model.
p value 0.05 was considered statistically significant.
ESULTS
atient characteristics. A total of 106 patients, whose
ean age was 63  11 years, were included in the study.
he mean QRS duration was 98  12 ms. The ischemic
eart disease was the etiology of CHF in 65%. During a
ean follow-up of 17  11 months, clinical events devel-
ped in 33.0% (35 of 106 patients), and mortality was 18.9%
20 of 106 patients); 18 patients died of CHF, one patient
ied of unexplained shock after hip surgery, and the other
igure 1. Percent of patients with clinical events and death by level of
tandard deviation of time to peak systolic point from R-wave on
lectrocardiogram (Ts-SD) (A) and the maximal temporal difference of Ts
Ts-diff). (B) *p  0.01; †p  0.01; ‡p  0.05.atient died due to uncontrolled infection.
d
uThe baseline clinical and echocardiographic characteris-
ics are summarized in Table 1. Patients with clinical events
howed higher mean age, higher prevalence of ischemic
eart disease, longer QRS duration, and lower prescription
f beta-blockers. There were no differences in the baseline
wo-dimensional echocardiographic variables, including
e-SD and Te-diff, between groups. However, Ts-SD and
s-diff were significantly prolonged in patients with clinical
vents (p  0.001). There was a weak positive correlation
etween mechanical dyssynchrony and the QRS duration (r
.26, p  0.007).
ardiac events according to Ts-SD and Ts-diff. Frequency
f cardiac events according to each level of Ts-SD and
s-diff is depicted in Figure 1. Cardiac events increased in
igure 2. Receiver-operating characteristic curve to determine the optimal
utoff value of the standard deviation of the time to peak systolic point from
-wave on electrocardiogram (Ts-SD). (A) and the maximal temporal
ifference of Ts (Ts-diff). (B) for predicting clinical events. AUC  area
nder the curve.
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Prognostic Value of Mechanical Dyssynchrony December 20 2005:2237–43roportion to Ts-SD and Ts-diff. We constructed the ROC
urve to determine the optimal Ts-SD and Ts-diff cutoff
alue for predicting clinical events; the optimal cutoff value
f Ts-SD was 37 ms with 68% sensitivity and 71% speci-
city, and Ts-diff was 91 ms with sensitivity and specificity of
0% and 68%, respectively (Fig. 2).
redictors for clinical events and mortality. Clinical and
chocardiographic parameters were investigated for their
redictive value for clinical events and mortality by univar-
ate and multivariate analysis (Table 2). In a univariate
nalysis, Ts-SD 37 ms, Ts-diff 91 ms, age 65 years,
onger QRS duration, and no use of beta-blockers were
ignificantly associated with development of clinical events
nd mortality. Ischemic etiology of heart failure is associated
ith only clinical events. However, by multivariate analysis,
s-diff 91 ms was identified as the independent predictor
f clinical events and mortality.
aplan-Meier analysis. The mean clinical event-free sur-
ival and mean survival evaluated by Kaplan-Meier analysis
ere longer in patients with Ts-SD 37 ms or Ts-diff 91
s than in those with Ts-SD 37 ms or Ts-diff 91 ms
Figs. 3 and 4).
ISCUSSION
he main finding of this study is that detection of LV
ystolic dyssynchrony using TDI was a powerful indepen-
ent predictor of clinical events or all causes of mortality in
HF with normal QRS duration regardless of age, EF,
RS duration, etiology of CHF, and use of beta-blockers.
owever, diastolic dyssynchrony was not associated with
rognosis.
Table 2. Hazard Ratio by Cox Regression Ana
of Mortality
Univariate
HR
Clinical events
Ts-SD 37 ms 3.89
Ts-diff 91 ms 4.26
Age 65 yrs 2.49
Ejection fraction (/5% 1) 0.90
QRS duration (/10 ms 1) 1.52
Diabetes mellitus 1.63
E/Em 1.04
Ischemic etiology 2.42
Use of beta-blocker 0.34
All causes of mortality
Ts-SD 37 ms 5.58
Ts-diff 91 ms 6.44
Age 65 yrs 3.81
Ejection fraction (/5% 1) 1.07
QRS duration (/10 ms 1) 1.57
Diabetes mellitus 2.17
E/Em 1.01
Ischemic etiology 2.20
Use of beta-blocker 0.29
Clinical events included hospitalization due to worsening o
all-cause mortality.
CI  confidence interval; HR  hazard ratio; other abbreviatioDespite intensive medical therapy with beta-blockers,
CE inhibitors, and spironolactone, chronic CHF is a
ommon disease that has a poor prognosis and periods of
ncapacitating symptoms necessitating recurrent hospital
dmissions (11). Because the clinical diagnosis of CHF
ncludes a wide spectrum of clinical presentations and
unctional status, there is considerable variation in their
rognosis. Many methods are available to determine early
redictors of mortality in CHF patients, including ventric-
lar function, hemodynamic and biomechanical parameters,
eak oxygen consumption, and electrophysiologic parame-
ers (12). And some studies have examined the significance
f QRS prolongation as a noninvasive predictor of increased
ortality in patients with moderate-to-severe heart failure
7,8,13,14). The QRS duration120 ms has been shown to
ave high specificity for LV dysfunction (6). However, the
RS duration is an indirect index of mechanical dyssyn-
hrony. The relation between the electrical ventricular
ctivation time and the mechanical sequence of the systolic
hase remains incompletely identified. Recent studies have
evealed that mechanical dyssynchrony with or without
lectrical dyssynchrony adversely influences ventricular
unction due to discoordinate contraction (5,10). Bader et
l. (10) reported that in optimally treated patients for CHF,
he QRS duration appears to be poorly correlated with the
resence of electromechanical dyssynchrony based on TDI.
hey also suggested that mechanical dyssynchrony is pre-
ictive of heart failure worsening, independent of the QRS
uration and LV EF. Therefore, prolongation of the QRS
uration may be helpful in identifying the presence of
entricular dyssynchrony, but it should not be considered a
for Clinical Events and All Causes
ysis Multivariate Analysis
alue HR (95% CI) p Value
.001
.001 4.98 (2.13–11.65) 0.001
.01
S
.01
S
.08
.03
.01
.001
.001 9.02 (2.42–33.57) 0.001
.007
S
.04
S
S
S
.01 0.72 (0.51–0.94) 0.041
rt failure or serious arrhythmia, heart transplantation, andlysis
Anal
p V
0
0
0
N
0
N
0
0
0
0
0
0
N
0
N
N
N
0
f heans as in Table 1.
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December 20 2005:2237–43 Prognostic Value of Mechanical Dyssynchronypecific marker of mechanical dyssynchrony. In our study,
here was a poor, although significant, positive correlation
etween the QRS duration and Ts-SD (r 0.26, p 0.01),
nd systolic mechanical dyssynchrony is common in CHF
atients with normal QRS duration. This observation is
onsistent with a previous report by Yu et al. (15), which
ocumented intraventricular asynchrony in 51% of patients
ith narrow QRS complex.
Cardiac resynchronization therapy (CRT) is an emerging
reatment option for patients with severe CHF with ven-
ricular dyssynchrony (16–18). For patients with severe
eart failure whose QRS duration is 130 ms, CRT
mproves exercise tolerance and quality of life, and reduces
ospitalization or mortality from progressive heart failure
16,17). In our study, in which only patients with normal
RS duration were included, mechanical dyssynchrony
efined as a prolonged Ts-SD or Ts-diff is a powerful
redictor of clinical events and all causes of mortality; if the
s-diff is more than 110 ms, more than 50% of patients
igure 3. Clinical event-free survival (top) and mortality-free survival (bott
ystolic tissue velocity (Ts)-SD 37 ms were expressed in dashed lines aevelops clinical events. Achilli et al. (19) recently demon- mtrated that CRT provides a significant clinical and func-
ional benefit that was similar in patients with wide or
ormal QRS duration if they have echocardiographic evi-
ence of asynchrony. Therefore, CRT seems to be an
ffective treatment option in patients with severe heart
ailure and objective evidence of mechanical dyssynchrony,
egardless of QRS duration. However, although this manu-
cript deals with patients with QRS duration 120 ms,
hose with events had significantly wider QRS duration
103 vs. 95 ms). This may indicate that although both
roups are in the normal range, QRS duration is still an
mportant factor in patients with CHF.
tudy limitations. This study has several important limi-
ations. First, we have not utilized the previously proven
redictors such as B-type natriuretic peptide, peak oxygen
onsumption, and electrophysiologic parameters in their
ultivariate regression model. Second, patients with both
schemic and non-ischemic CHF were included in this
tudy. Some patients with ischemic CHF had regional wall
y Kaplan-Meier analysis. Patients with time interval from R-wave to peak
ose with Ts-SD 37 ms in solid line. CI  confidence interval.om) botion abnormalities, which might influence mechanical
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Prognostic Value of Mechanical Dyssynchrony December 20 2005:2237–43yssynchrony. And, the proportion of patients receiving
eta-blockers was different between the two groups. During
he follow-up period, more patients in the group with events
ere discontinued on the beta-blockers because of hypoten-
ion, weakness, and edema. Therefore, ischemic etiology
nd the use of beta-blockers were included for investigation
f their predictive values of cardiac events by multivariate
nalysis. Nevertheless, mechanical dyssynchrony is still an
ndependent predictor of cardiac events regardless of etiol-
gy and the use of beta-blockers.
onclusions. Our study demonstrates that mechanical
yssynchrony assessed by TDI is an independent prognostic
actor in CHF with normal QRS duration. Future studies
igure 4. Clinical event-free survival (top) and mortality-free survival (bo
ime to peak systolic point from R-wave on electrocardiogram (Ts-diff) 9
ine. CI  confidence interval.re necessary to prospectively examine the clinical benefit ofRT in these selected groups of patients with normal QRS
uration and mechanical dyssynchrony.
eprint requests and correspondence: Dr. Goo-Yeong Cho,
angang Sacred Heart Hospital, University of Hallym,
eongdeungpo-Dong Yeongdeungpo-Ku 94-200, Seoul 150-030,
outh Korea. E-mail: cardioch@medimail.co.kr.
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